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ABSTRACT: 

The present invention relate© to a method oT manufacturing artificial tooth restorations for natural 
teeth or implants comprising a ceramic densely sintered, high strength individual cone (B) with 
dental porcelain (A) by powder metallurgical manufacturing methods. The Inner surface (!) of the 
core (B), which will fit against one or more prepared tootti surfaces (P) or artificial abutments, are 
manufactured by forming a ceramic powder mixture against a surface of a body at which this 
mentioned surface is manufactured by registering the surfaces of the prepared teeth or artificial 
abutments and their mutual relationship with a three dimensional optical or mechanical reading 
method directly in the mouth or on a model in e.g. plaster after which the registered surfaces are 
reproduced in an enlarged size e.g. with a computer controlled milling machine at which the 
enlargement is calculated from the shrinkage of the ceramic material during sintering to full 
density and considering the gap for cement 
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Method of manufactuftng oftmmic aitiflctal tooth restoraBons. 



f) The present invention relatea to a method of 
manufecturing artificial tooth restoraOons for 
natural teeth or htplants oomprislog a ceramic 
derveefy sintered, hiflh ctraogth indrvidual oof» 
(B) with dentsi pofcalain (A) tiy powder meta). 
kiiiaicat manufBGturinQ m^hods. The innor eur- 
tace (I) of the coTft (B), whidi wi fit ^y^nst one 
or more prapared tootti suffaoM (p) or aitffidal 
abwtn>dnts, are madtjJiseiwed t>y Ibftntng a 
ceramic powdor mature againat a eurtace of a 
lK)dy at which thla mentlonod surface is marv- 
ufectured by re^ictetlng tho surfeo^n of the 
prepanMl leath or arttficial abutments and their 
mutual relafionahip w»i a three dtmanstonat 
optical or mechanfcal reading method dfc^y 
^ the mouth or on a modd in e^. pU»tw after 
which tho raglstered aw^cos are raprtxhtced in 
an aniarged size a.g. with a computer comroDad 
miliing machine at wti»oh the antaigettiem la 
calculated from the ahrinkage of the ceramic 
material during Entering to fuU denetty and 
consldofing the gap for cement. 




Fig. la 
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this lovenbon rolaliw to pov«J«v metaUur^ical 
manufecturing methods ior making accumlely shap- 
Ml artificial looth restorationfi wUh an indtviduaUy 
manufactufOd core of a tlwsely sintwed. high 
ctrength oemmlc materiaJ, which fits against prepared 
tooth surfaces or artif tdai atHitmenta. On these cores 
dental porcelain can t>e fired to tooth crowffis, inlays, 
vaneere or bridges. 

U.S. 5s 080,589 disd«9d3 a maltiod of msnufao^ 
turlng copings in densely sintered, higti strength cet- 
smlc material where tha etntering shiinkage iaoonsld- 
ered. According to this patent the ooplngs are prema- 
nufacturad, which mea/is that they have ir> advsrv^a 
given meaaure. 

i;.S, 6,106.303 and the Swedish patent SE 469 
057 digdose manufacturing of inlays, onlay croons 
and veneers in d«nsety sintered, high strength ceram- 
ic material by copy rr^tiling a green txxiy or a precin- 
tered or sintered body from an impression of the pre- 
pared tooth surface and considering the slnierir^ 
shrinkage. 

The object of the present Inventfo;) is to provide 
0 ratlorial n^nufacturing technique for manufacturing 
tooth crowns, (niaya, veneera of brjdses in denseiy 
sintatttd. high Strength ceramic material t>y using 
modarn powder metallurglce^ technique and reading 
technique. 

Tfie present Invention relates to a method of man- 
ufacturing with powder metallurglcel methods artifn 
clal tooth restorations for natural tooth or Impiants 
containing an individual core In densely »ir7t*»d, htgh 
strength ceramic material with dental poroolain tired 
to the Gurface. The inner surface of the core, which 
will fit to one or more prepared surfaces or artificial 
atnitmen^ Is manufectured by forming a cerarrdc 
powder mlxtura against a surfece of a body at which 
mentioned auf face is manufactured by a three dimen- 
sional optical or nr>echanioel reading method, register 
the prepored surfaosa of the prepared tooth or artifi- 
cial abutments and their mutual felaHonshlp, either dl- 
recMy In the mouth or on a model Jn o.fl. plaster after 
which the rsgi^tared surteces am mproduced in en 
enlarged stie e.g. by using a conrtpular controlled ml- 
ting machine at which the enlaroernenf is catoulated 
by considering the shrinkage of the ceramic material 
during tho sintering to fu« donelty wtth the additlen of 
a desired gap for cement 

Rg. 1 shows crtifts ©ectiofts of natural teeth one 
with an artiftclal tooth crown <Ftg,lB) one with an ir>> 
lay <Flg- 1 b). and one with a veneer (Fig. 1c). In this 
figure A- dentaJ porcelain, cxim In densely atn- 
torwd ceramic, Y= the outer surfaoe of the core, l« the 
Inner surface of the para, O cement, P= the pre- 
pared surface of t he toot h, S= the prepara^n l>cwd er. 
E= enamel, D« denttn and F= puJp. 

Fig. 2 shows a croaa section of b tirtdge, which Is 
cemented on two supporting teeth. These supporting 
teeth can have a vital abutnient (U^ or an artificial 



abutment (Uz) manufactiired in a dental alloy, ceramic 
matarlal or a strengthened polymer. The l>ridge in Pig. 
2 amtaine two artificial dental crowns according to 
FtQ. la and With e pontic (V) between as replacement 

s far a lost tooth. The bridge contains a core (B) with 
dental poroelatn (A). A bridfle c»n ooniHin more sup- 
porting teeth 6fKl aleo nrwre pontics in between. The 
supporting te«th can also t>e prepared ftx inlays or ve- 
neers. Veneera can be made both buocaly and lin- 

10 gually. The supporting teeth can also be implants wtth 
artificial atHJtments. 

Fig. 3 show* a cross section of an example of a 
press for IndivJdual cores for tooth crowns. fe a 
model of a preparation for a tooth aown enlarged 

i6 considering the sintering shrtnfcage. S is the prepara- 
tion border, T the top oT ttio model, R Its bottom and 
L the aurfece, which Is the enlarged surface of the 
preparation (P). Kj consists of K, with a coping of e.g. 
wax and Z Is ttw outer surface of this coping. F id a 

20 tube. Gt is a plate with a cylinder G. which fits Into F, 
H is a cylinder, which also fits into F. H, F. G and 
Gi can be made in e.g. nwta/Ik? material B is made in 
a viscous elastic material as well as J and K which are 
knpressions of M is a cavity wft h space for ceretnf ic 

2S powder- K, hae been placed in X and Pk is the force 
with which H is pressed again&t G, 

Fig. A shows a cross section of an tmpreeaion Of 
two supporting teeth prepared for crowns and the gin- 
giva between the teef h. and C2dre» the IiTtpresftfons 

3i> of the preparations of the supporting teeth In a. which 
ta the imprssRkKt materlaf . b^ and b, are two paraRel 
tubes firmly united to each other with bs- The inner 
surfaces of bJsnd fag consist of two cylinder surfaces 
with radii rt and fa. They are connected with et-cj. w 

36 Istheangtehetwaenthepartsofb, andbzWithradlus 
ri and the aurtece with the ctx»» section e^-e;^. q , and 
42 are grooves In the part of the tubes b, and b^ with 
radius r^. h Is the distance between the paralldt cert- 
tral axes of bf and b^. n, and n* are models of Ci and 

4o made by pouring model materia/ e.g. plaaio' In the 
lubes b^ and bj and c, end c,, 

Fig. 6 shows W, and Nj which are enlar^iod (com- 
pensated for the shrinking during eintoring) models of 
fii and nj. f ie a f bdure wtth the holes gi end gj, man- 

46 ufacJufied ao that the distance H betwtaen the central 
aXB8 of aruj gij Is h ivhen enlarged oonaidehng the 
ainteriog shrinkage 89 well as the kiner shape of the 
holes and g^. \whlch are enlarged firom the Inner 
surface of the tubes bi end b2. Qi Brtd Qtt are the en- 
80 larged grooves Qi and q^. 

rtg. e flhowB N^and N, placed in the fixture t, 
is a tool made in a rubber rrwtorlal and M, is a cavity. 

As can be eaen firom Fig. 1 and Fifl. 2 artlfk:la| 
tooth orowns, inlays, veneers or bridges ere nrtade as 
65 aoore in densely sintered ceramic (B) wtth dental por- 
celain f imd to the surface (A). The tooth restorations 
are f ixad to the prepared surface8(P) tTy e.g, cement- 
ing, as well as the bridge to the abutmenbs U< and U?. 

2 
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The tWn layer of cement (C) oonnects the pfcparad 
cavity walls (P> wJth that part of th« surface of the In- 
ner eurface at the core (I>, which has been made ao 
Ihet this awrface (D) frt* with great pfedslon to the 
prepared surface (P). On the outer surface (Y) of the 
cora (B) dental porcelatn can tie Tired. The layer of ce- 
ment can have a thicknefes <100 \im, preferably 25- 
50 nfn. The cementing of the restoraticns can be 
made with e-Q. zinc phosphate cwnent, glflfts- 
lononw cement « eome re«iri cement. In tha last 
case it can be an advantage to sdane treat th© Irmer 
surfaces <I) of the cores cf tlw conetructiona, which 
will be joined with the prepared surfaces (P) of the 
tooth atructuro as well as it also can be advanlageoug 
to etch and treat the prepared surfacee (P) with a 
bonding rasin before the comentatton. 

The ceramic powder cart be made by several for 
the expert well known methoda. Traditional powder 
metertlurflical technktue can t» used, where the differ- 
ent components ate mixed and ground under dry or 
wet conditions with water or an Inorgahlc soh^ent (e.g. 
alcohols) aa grinding liquid. To the ceramic shirry lu- 
br1cant£ or other organic blr>der» depending on the 
choice of forminfl method are added, when needed at 
suitable time in the prooeee. 

The ceramic base mateda! in the core preferably 
comprises one or aeveral biocompatible oxides, with 
additives of carbides and nttrtdee with or without bbid- 
ers. Examples of bloGompatifole oxides, which c«n 
form baee matrix for thd ceramic body. «re AljOj, 
TlOj, MgO, ZrOj. and ZiO^ with addltlvoa of amallar 
amourrts of up to 1 0 mole-^ of YJ^ or MflO (party 
or totally stabilized ZrOj). Additives can be praeent as 
particles with a size of <25 |i m. preferably <iO 
and/or as whld(or« <halr shaped single cryctals) wtth 
a length of >10 ^m, preferebly >25 and a length 
to diameier ratio >5, prefenabty >10 and/or fibera 
(polycrystalline) with a diameter >10 nm and/or as 
single crystal platelets wHh an approximate diameter 
of 5-60 urn and a thickneae di 1-10 nm. The amount 
of whiskers, fibers and/or t>lateleta ahouM not exceed 
60 volume%. 

In a preferred embodiment the ceramic material 
oompriaes >60% AI^Qs with additive& of conventional 
sintering aide. In order to Increase the strength <2S 
weight *S, preferatily 3-1 2 weight % of ZrOg, and/or 5* 
40 weight %. preferaWy 10-30 weight % of SiC-, TIN- 
or ZrN-whlskere can be added. It Is important that the 
ceremio moteriel ia eintered to dosed poroeity, which 
for an oxtda material mearw at leaat 95% of theoreti- 
cal denalty. but In order to eti&ure good mecfwntcel 
strength lt»o material ^touM preferaUy have a denai- 
ty over 98%, densities over gd.5% gMng the beat 
etrength. 

In order to get a euitabie colour of the core (B) col- 
oured components can be c^Kwen. Additives e.g. 0.1- 
1 weight % of TIN and/or ZrM wll give AlaO, baaed 
cores a faint yellow ahade. FojOj giV68 a yellow 
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brown shade and MnOj gives a rose-coloured ahade. 
Of course, addilh/es, which give non-estetic effects, 
should not be used. 

Aooording to the Invention artificial ceramic tooth 
5 crowne. Inlays. v»neera and bridges now exist char- 
acterized In that they are made from a ready to press 
powder with additions of lubricants and/or other or- 
ganic binders. When manufacturing the core of a In- 
divid ual toot h crown t he powder i« compacted againal 

10 the body Ki to a core, which after sintering to full den- 
sity fits to the prepared aurfaoe and with a desired 
wall ihicknesa- When manufacturing the enlarged 
model (KO the slnteriog shrinkage has to be consid- 
ered. The surface (L) must be enlarged In order to 

15 have the desired Inner geometrica) shape (I) of the 
green body, which f Ha against the prepared surface 
(P) after subsequent sintering process. The desired 
shape of the gap between the tooth crown and the 
prepared tooth for cementing the crown to the pre- 

30 pared tooth muat also be ooneidered. The stte of this 
gap can be caiculflted e.g. to be as small as poeatble 
at the pieparatton border. 

The cores of the tooth crowns are manufachired 
by cold laostatk; compaction, uniaxial presaing, dip 

2B casting, preedure casting, irgection mouldtr^ or by 
compacting the powder In another way, prefembly by 
a ookl jaoalatic teohnlqud egalnet a body (KO. whk^ 
tft shown In Fig. 3. has a surface (L), which is uni- 
form with tha surface (P) of the prapared tooth, on 

36 which the tooth crown or the van aerwIU fit. The body 
(Kf) 18 mamifacbJTBd tiy registering the prapered sur- 
fece (P) or an artificial abutment direcdy In the mouth 
or fran a model e.g. In piaster by a three dimensional 
mechanical or optical method. The registered surface 

38 Is reproduced In an enlarged eke (L) e.g. With a com- 
puter fionfaroSed mflling machine. The enlargement is 
calculated from the ahrinkaga of the coram k: material 
<ludng sintering to full density. When calculating the 
shape of Ki ttre gap for oement rd oonaktered . tt Is Inrv 
portant that the preparation border S respectfvely S, 
ere evident Betowt ha praparatlon border Gi behA/een 
Si and the bottom R the body (Ki) is given aich a 
shape that its aurfdoea converge to the oodugal part 
ofthaprepareOon. Atthe bottom (R) the outer surface 

46 car be e.g. cyfindrical. The body (K,) can be manu- 
facturad in a.g. metallic matertal, graphite, polymers 
etcetera. Ki wM have such a size that the inner sur- 
face of the green body <tho impression of L) after 
shrinkage during sintering to full damilty rscelves the 

so inner surface t, which has desired fit against tho pre^ 
pared tooth aurfaoe (P) or to an artificial atiutment. 
The surface (L) of the body is martuf^tchired with 
a oomputeroontrotled mflling machine, which enlarg- 
es the registered tooth aurfece. win after cx»mpactint] 

fis the powder againat this surface (L) and etntering to 
full density give the Innershapeofthe core (1). During 
compaction tho outer surface <Y) of the core is 
formed as foiknvs: Abody (KJ, which Is shown In Fig. 
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3 is milled with a computer conUolted mlUlng machine 
from regifitef ©d data from the prepared face <P) oT 
the registered tooth or the surface of the artificial 
abutment. Th« twdy (K^ & enlaraed oonslcJerinQ the 
sintering shrinkage in the came way as the t)t>dy 
and with an additional material from the preparation 
bordor orjuat t>eiaw. K2 contains the outer surtace Z. 
The outer eurtace Z can bo far med by fof mlng a cop- 
ing in any easily moldaWe material d,fl. wax or a ma- 
terial, which easily can be formed against the body 
K,. The outer surface (Z) of this necond body (Kj) or 
(K,) wit h a copine In e.g. wax Is ueed to for m the outer 
shape CO of the core. An Improeslon (X) l£ madefi«m 
the body (Ka). or K, with a coping in e^- wax in eome 
viscous elastic material e.9- a slloone. The compac- 
tion fif the powder can be made wHh tool acoording 
to Fig. 3. This tool contains the impression X. Ki fits 
into X fiom the bottofn <R) to the preparation border 
S. aetvraen the surfaco(L) of K, and X there 19 a cav- 
(ty M. The hnpresston X has such e shape as to f ttlnto 
a body E , which can contain a vbcooB elastic material. 
The body E is placed into a tube (F), which is put on 
which l6 a part of Q^. The cyiinder (H) with the 
same ctiameter aa G ia put into the tulxi (F) Irom the 
top. BetYveen H and E containing X Is a lid (J) placed 
In the 9Btn& tnatarial aa E. 

The n^anufacture of an Individual core to a tooth 
crown can be made In the following way: The proeslne 
tool TS put together with the tube F on the cylinder 
E with X Is put Into the tube F, Ready to press powder 
is f filed into the cavity M and the body ice fit Into X. 
Kt fits into the inr»pression X from the preparation bor- 
der St or Joat bokjwand to the bottom R of the body 
Kv Finally, the lid J and ttie cylinder H are placed and 
the whole tool according to Fig. 3 Is put into a prese 
e.g. a uniaxial hydmulic presa. During the compaction 
of the powder the cylinder H ts preeeed with the force 
In the tube F against the cylinder G In contact with 
the lid J and the pcwder ie compacted againM the 
body K^. After the compaction H, J and Ki are re- 
moved and the compacted sheQ. which In aome caaes 
can be attached to K,. K muit not contain any undei^ 
cuhs. The wall thlcknaas of the green body Ic deter- 
mined by the amount of powder put into tJL After the 
pressing the green t>ody is a<|u3ted at the prepara- 
tion border <s^) and the wsdl thfcknau Is contrafled 
and adjusted before the sintering to fuX density. The 
wall thickness can t>e OJS mm, however, on certain 
ptaoee wall thldcnesees >0.5 mm can be needed in or- 
der to strengthen maiglnai ridges or for reptacoment 
of removed f llllngn. Aftar sintering to full density the 
core (B) adjusts aoatn&t the preparalion border (S) 
of the plaster model In ordertofit the eurfaoe 1 of the 
core againat the surfeoe P of the prepared tooth or 
against the artificial abutment Finally dental porce- 
lain can be fired to the core for the manufacture of a 
tooth crown. 

A veneer can be nrMtnufactured In the sanrw way 
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aa above. 

A oore (B) of an Inlay can also be manufactured 
by raflistering the surface <P) prepared for an inlay by 
a thwa dimef»sionel mechanicBl or optical method. 

5 The registered tooth surface is reproduced in an en- 
larged size in a metsl, graphite or a polymer e.g. with 
a computer controlled miHing machine, which enlarg- 
es the preparation. The enlargement is calculated 
from the shrinlaige of the cef amk: material durinfl ain- 

10 tering to lull density and with a reduction for the ce- 
ment. An kivreaalon (X) (Fig. 3) can be manufactured 
in t he amrws way, as f or a COfe of a toot h crown, Before 
t ho manufacturiog of the hnpresalon X for an Inlay the 
enlarfled preparatlwi is overt Bled with e.g. wax. This 

16 orJacged rnodel with the filed preparation cavity is 
used for the manufacture of the Impression X in some 
viscous elBStic material e.g. a silicone. This inpres- 
sion is placed in a prass In t he same way as dftscrit>ed 
In Fig. 3 after the ceramic powder has been put in the 

20 cavity between the enlarged model and the knptes- 
afon X. Aftar the compaction the green body Is re- 
moved. In order to be able to remove the green body 
wlthoutdaetraying It^thepfieparatlon must not contain 
any undercuts. The green body Is adjusted agalnat 

S6 the preparation t>OFderandGpace can t>e given if den- 
tal poTDfilaln wiU be f (red to the outer surfaces of the 
inlay, that means the Surfaces which are not cenrwnt- 
ed against the prepared surfaces of the tooth. After 
the sintering of the core some adjustment by grinding 

30 or polishing can be needed. 

When manufactuiing a bridge It is important to 
maintain the mutual relationshrp after the enlarge- 
ment. A bridge can ba manuf^ured by starting with 
the registration of the surfaces of the prepared tooth 

ss and the soft tissue In bet ween by a three dimensional 
mechanlcat or optical method. It is Important to reg- 
ister the mutual relationship oT the supporting teeth 
which can be done In the folkwlng way. An impree- 
sion is made with conventional impression technique 

46 e.g. with a silicone Impression material. This in>pfea- 
sion is cast In e.g. piaster. From this model or directly 
in the mouth the prepared teeth and the jaw in be- 
tween is mglstored by a three dirDenslonal mectranl- 
cal or optical method. The prepared teeth and the 

4S tooth free Jaw In t»otween are reproduced in an an- 
targed atze with e.g. a computer cxmtrol led milling ma- 
chine. The entaigement is calculated flnom the srvlnk- 
age of the ceramic material during sintering to full 
density and with an additional space for the cement. 

so The material in the enlwged models can be e.g. 
eraphlte, rnetal or a polymer. 

An enlarged model which considers the whole 
stuation can also tw made in the following way. An 
Impresaion aa shown in Fig. 4 is made from the sup- 

ss porting teeth and the tissue in between wtth a con- 
ventional Imprsssion technique e.g. with an knpr&s- 
sion material in B.g. a silicone material <A). Fig. 4 
shows a cross section of an Impression. The tut>e& b, 
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and t>3. sue preMBd Into the Impression material (a). 
In Older not to derform the impression or the pfepara- 
tions that part of the tube* pressed Into tho Impre*- 
ftion material can e.g. have a chamfefed edo«. The 
tubes can also be f Uod to the Impression wtth e.g. « 
atl{^y wa>£. The tul>ea and ba can a.g, hava elliptic 
or circular cross section with grooves (q, and qj) In 
the longitudinal axis In the Internal eurfaoee c4 the 
tubes, and a atap e^-e^, ifi dear from a cross section 
paratlel with the ionsttudlnal axes. The tubes bi ar>d io 
t>^ hav» parallel longitudinal axas and surround the 
impressions (Cj and Cz) of t he preparations of t he eup- 
por tin g teet h Irt t ho I m presaion materia I (a). The tubas 
bi and l>j are f weed to each other w4th b«. The in>pre&- 
slons (c^ end c^) are poured out In e.g. ptaater. whtch 1S 
gWe* the models {rt^ and ns) shown in Ftg. 4. The 
models n, and ns are registered with a th««e dimen- 
etonal mechanical or optical method and are repro- 
duced In an enlarged eize with e.g. e computer con- 
trolled mning machine. The enlargement Is caJculaied 20 
from the shrinkage of the ceramic mstBrlal during sin- 
tering to full density and with an additional space for 
the cement above the prsparation border (S^) of the 
models Nt and N^. The material of N-t and csn be 
e,g. metallic ntateriat, graphite or a polymer. The$a » 
enlarged models (N i and N2) are put Into a fixture f 

05 shown in Fig. 5. The fpctura f contains a plate in 0.9. 
a metal, which hae two holes g^ and gj These holes 
have a geometry, which is uniform vi^h iho internal 
surfaces of the tu bes b^ and b^ and enlarged with the sa 
same enlargement factor oonslderlng the sintering 
ahrlnkage for the current oemmic powder. The dis- 
tance (H) between the longitudinal exes of the hc^ 

is enlarged oonsiderino the aintering shrinkage of the 
ceramic material, By placing the enlarged models Ni 39 
and N2 In the fbcture f an enlarged model of the pre- 
pared aupportirig teeth and their mutual rdationsh'ip 
ta made. The step E^-Ej and the grooves and Q2 
and the distance (H) give the mutual relationship of 
the enlarged preparatkuts. The manufacturing of the 40 
tod for compacting the ceramic powder to the bridge 

6 made In e aimaar way as is shown in Fig. 3. An im- 
pmeslon X has to be made which gives space for pow- 
der to 6 beam which connects the copings, which af- 
ter the compaction wlll fit the enlarged prepdratione N 46 
) and Na. Fig. € Is an outline f Igurs of the tmpresalon 

X. In Fig, 6 the nrxxJeis Nt and N2 put in the fixture 1 
are placed In the tmpression X manufachjred In the 
aanne way as has been described for oorea of single 
tooth crxTwns. In the emp^y apace Mt. which sur- 60 
rounds Nt and Nj. oaramic powder Is piscad and the 
too) is put in a pressing tool acconUng to Fig. 3 and a 
compacting pressire Is applied. The ceramio pow- 
der will be compacted against and and against 
the part of the fbcture, which is situated between N> 65 
and Nj. The green tKxiy In removed and ttw copings 
are adjusted at the preparation border and where the 
wall thickneaa needs reduction. Th» tieam mn be 



formed with e.g. s mailng cutter in a hand piece of a 
dental technician in order to give U a suitable form as 
a suhfih-ucture of pontics. TT>e core is sintered to full 
density. After the sintering some adjushnent can be 
needed before the firing of dental poroetain to the 
core to have a bridge according to Fig, 2. 

The marujfachjrlng of a bridge the mutual reie- 
tlonship of the supporting teeth can be maintained af- 
ter the eniargenwnt In many other ways e.g. before 
the impresston <a} is cast some markers are placed 
in the Impression In guch a way that they give rnprea- 
sions in the different parts (the supporting teeth and 
tha jaw in between) Into which the plaster model will 
hedh^lded by sawing. The Impressions of the mar toere 
in combination with enlarged markers can be used to 
have the mutual relattonshlp of the supporting tseth 
after the enlargement. 

A bridge can also be manufactured, wNch Is 
based on supporting teeth with preparationa fbr a ve^ 
near cn the buocat surface or a preparation on the lin- 
gual surface for a lingud plate. The manufacture of 
Such a bridge can be made in the same way a« has 
bean deficr1t>ed for a bridge with Gupporting teet h pre- 
pared for full crowns. 

A Mdge can also be made for supporting teeth 
prspared for inlays, in order to hava the mutual rela- 
tionship between the eupporting teeth in t he enlarged 
model ooneiderlng tha sintering shrfnicage, the man- 
ufacture of compaction toot and the compaction aie 
made tn the aame way as described for a bridge with 
supporting teeth prepared iot luW crowns. The sup- 
porting teeth can have different types of prepara- 
tiond. 

A bridge baaed on supporting teeth prepared for 
tnlaya can also be n>ade In densely sintered, cerwnic 
materiel by atarting from e.g. a plaster model of the 
prepared teeth and the jaw between. A t>eam can he 
mad* by using a light hardened polymer filled Into the 
inlay preparations and connecting the proparationd of 
the bridge. Before the hardening of the polymer ft ie 
given audi e shape that ttw Inlays and the beam be- 
tween have the deaired form. After the light harden- 
ing of the polymer bridge tt Is removed artd is regis- 
tered by a three dimensional mechanical or optical 
met hod and reproduced In an enlarged size to a green 
body or a pnasintared ceramic body with e.g. a com- 
puter oontroled mSing machine. The enlaigement b 
calculated from the shrinkage of the ceramic material 
during sintering to full density. 

Another way of manufecturtng a densely elntared 
shed, which after sintering to full density fits to a pre- 
pared tooth, ia to make an Impression of the enlarged 
tHxIy Ki conatdedng the sintering shrinkage and an 
additiona] space for the cement according to Fig. 3. 
This impreesion ia caet In (daster and a model K3 ki 
ptaatar ia obtalrred from K^. An impression (X) is made 
according to Fig. 3. Against K9 ceramic powder is 
compacted with a .g . t he oomoaction tool described in 
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Fig, 3. Tfw gr»*n body ta presintBrdd on the pUster 
model. Alutnina ts preeintered at 600-C-1100-C. Dur- 
ing the pf6slnterin9 water Is released from the plaster, 
which shrinks about 16%, The oerarr^ic material 
shrinks much lees and th6 preslntered tson can eacly 
be removed, adjusted and Alntered to full density. 

Further, another way at manufacturing a denaaly 
sintered ah^l, which after sinterirtg to full derteity f fts 
on a prepared tooth, i« to make a dlurry of oeramlc 
powder mixed and $round urKler wet oondltlonft with 
water or an Inorganic aotvent <e.g. alcohols} as grkid- 
Ing Itqukl. To the cerainie slurry lubficftnts or other or- 
ganic binders aro e<ided. On the enlarged piaelor 
model K» of the prepared tooth the slurry of the oei^ 
amic powder It placed tn some way e.g. with a brush 
from the preparation border <S,) to the top (T). The 
plaster model of K, (KsJ can also be dipped into a alur- 
ry of the ceramic powder, in order to have an optlnial 
corripaction of the powder, a suction cup can t>e ap- 
plied to t he bottom surface (R) and by t he sucton cup 
a negatVe preaatire Is applied during the dipping of 
the body Kj into the slurry as deeoribed in the Swed- 
ish patent application na 9004134-4. The ceramic 
particles will be packed against the pla&tar model, 
when this model absorbs the water from the slurry, 
in this way the ceramic powder is compacted against 
the plastertnodet and the body compacted in t hie way 
can be adjusted at the preparation border and ad- 
justed to deeined shape and shell thk^eaa of the 
cere. The gr«eii body Is praatntered on the plaster 
model. The praslntered body will be too Mg for the 
plaster model and can bo removed for any adjustment 
and sintering to full density. Instead of plaster other 
porous materials can lie used provided ttiat ttiey can 
be used as sintering support during the preslnterlng. 

BridQea can be manufactured wtth above deacri- 
bed slip caet^g niethod by makir^ an impreoaion 
from Ni and Inthefixtufaf (Fi^. 5)andcafitlne.g. 
plaster. Before the imprefteion b made a support for 
the slurry to make the substructm for the pontics Is 
botft up wtth e.g, wax on the fixture between and 
Uf. An impression is made of the fixture with the eop- 
port (Ni and Nj) for the pontics, which Is cast in plas- 
ter. The plaster model id fixed to a plate In some cer- 
amic matedat and Is divided Into thraa parts (N^ , pon- 
tic and tslj). Ttie thraa parts have the aame mutual re- 
lationship as t>efore the aepemtion. Afiainst the plas- 
ter modal a slurry Is placed in the same manner as 
was described for oorea fOf Single tooth crowns. The 
separated and fixed ptaater modd with the oeramk; 
slurry Is prmtntered artd the preskrtered bridge core 
can, if needed, be adjusted before the sintering to ivW 
density. 

Another way of manufacturing a core of a twldge 
Is to compact ceramic powder wK h a IqoI shown in Ig . 
6 against Ni and in ths fixture f according to Fig. 
5 or against a plaster model according to Ftg.5 f bead 
and separated Into three parts. The tool is placed In 
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a ocmpactton tool simHar to that shown In Fig. 3 after 
the ceramic powder hae been placed into M,. The 
green body manufactured in this way te ad|usted be- 
fore the preainterlng. After the pre^intcring the body 
s can have any adjustment before the sintering to full 
density In a icnown wy. 



Claims 

10 

1. Method of manufacturing artificial tooth restora- 
tions compriaing a ceramic densely sintered, high 
strength indivklual core (B) with dental poroelain 
(A) by powder metallurgical manufecturiDgmeth- 

is ode characterized In that the inner surface {1} of 

the core (B), which will fit against ona or more 
prepared tooth surfaces (P) or artificial abut- 
ments are manufactured t>y formir>g a ceramic 
powder mixture against a surface of a body at 

20 which t his mentioned surface Is manufactured by 
registering the aurfaoes of the prepared teeth or 
artifloicri abutments and their mutual relationdhip 
with a three dimentUonal optical or mechanical 
reading method direcHy in the mouth or on a 

36 model In e.Q, plaster after which the registered 
surfaces are reproduced In an enlarged sUe e.g. 
with a computer oontroQed milling machine at 
which the enlargement is calculated from the 
ahririkage of the ceramic materiel during sintering 

so to fun density and considering the gap for ce- 
ment. 

2. Method according to claim 1 characterized In 
that the outer surface Y of the oore is dry pressed 

$G close to desired size against the enlarged prepa- 

rations wtth ttie help of an impressior^ tn some vis- 
cous elastic material 

3. Method according to dsims 1 and 2 character- 
46 tzed in that the core Is made by a dry pmsstng 

against a e.g. plastar model of the enlarged prep- 
arations, after which the core ts presinterod on 
the piaster model. 

45 4. Method according to dakn 1 characterized In 
that the core (n manufactured by slip casting 
againet e^. a plaaler mode) of the enlarged prep- 
arations, after whfch the core Is preslnterad on 
the plaster model. 

60 

5. Methodacoording todaims 1, 2, 3and4 charao- 
tarixed In that the core consists of high atrerKlth 
densely sintered, ceramfc matadsi wfth a fBlatlve 
density of > 99%. 

65 

6. Method according to dalm 5 characterized in 
thai the ceramic rmterial in the core is ba^ed on 
one or more of the oxides AljOa, TIO2, MgO, ZrOj 
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or ZrOa with up to 25 mole% Y2O3 or MqO. 

7. Method acoordlftg to daims 5 and 6 chardctsi^ 
ized In that the core mat0ri&I also oompnad^ 
whlskerti and/or partldde of SIC. TIN, ZfOj and/or 5 
ZfN- 
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Fig. 1c 
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Fig. 4 
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